31P-NMR and ESR studies of the oxidation states of manganese in Staphylococcus aureus.
High-resolution 31P-NMR and ESR spectroscopies are used to probe the role of manganese in oxygen metabolism, in vivo, by Staphylococcus aureus. The linewidth of the intracellular orthophosphate resonance in the 31P-NMR spectrum and the amplitude of the ESR sextet of signals due to Mn2+ hexaquo ions are found to be sensitive to the oxygenation state of the cells. These results are attributed to changes in the oxidation state of the manganese. It is concluded that manganous ions are oxidized to Mn3+ in oxygenated cells. Mn3+ is in turn reduced to Mn2+ under anaerobic conditions. The Mn2+ is also oxidized to Mn3+ by hydrogen peroxide probably as a result of the disproportionation of H2O2 to H2O and O2 by an active catalase in S. aureus. Addition of mercaptoethanol to a suspension of oxygenated cells results in the reduction of Mn3+ to Mn2+.